Introduction
Preeclampsia (PE) affects 2 to 3% of all pregnancies and is a major cause of maternal and fetal morbidity and mortality worldwide [1] [2] [3] . Similarly, being small for gestational age (SGA), defined as birth weight below the fifth percentile, even without PE is also a major cause of adverse outcome [4, 5] . Besides the immediate risk to mother and child, there is rising evidence that these placenta-related pregnancy complications are a major cardiovascular risk factor for both in later life [6, 7] . Indeed, previous PE has now been accepted as an additional risk factor for future cardiovascular complications besides nicotine, obesity, diabetes and family history for cardiovascular disease [8, 9] . There is increasing evidence that it also poses a risk for cognitive impairment in later life [10] . Several large studies and meta-analyses have demonstrated, that the use of low-dose aspirin (LDA) started early during pregnancy in high-risk pregnancies reduces substantially the risk of PE and SGA [11, 12] . Traditionally, high-risk pregnancies have been defined by obstetrical history and/or pre-existing maternal factors. The UK National Institute for Health and Care Excellence (NICE) defines women to be at high risk when at least one major risk factor (previous PE, chronic hypertension, pre-existing kidney disease or diabetes, systemic lupus erythematosus [SLE] or antiphospholipid syndrome [APS]) or two or more minor risk factors (primiparity or interpregnancy interval >10 years, body mass index [BMI] >35kg/m 2 , maternal age >40 years or family history of PE) are present [13] . The American College of Obstetrics and Gynecology (ACOG) does not distinguish between major and minor risk factors and requires only one anamnestic risk factor (primiparity, previous PE, chronic hypertension, chronic kidney disease, thrombophilia, in-vitro fertilisation [IVF] , family history of PE, pre-existing diabetes, obesity, SLE, maternal age >40 years) to consider the pregnancy to be at risk; they recommend prophylactic LDA only for very high-risk pregnancies with a history of early onset preeclampsia (eoPE) or repeated previous PE [14] . However, such screening strategies either consider a majority of women to be at risk, or, at a reasonable false-positive rate of about 10%, identify barely half of all women at risk for PE [15] and even fewer of those at risk for SGA [16] . To address this problem, studies have been conducted to better characterise "at risk women" using in addition biochemical and biophysical parameters to develop screening algorithms mainly for the first trimester [15] [16] [17] [18] [19] . With their aid, detection rates of up to 96% for eoPE and about 75% for preterm preeclampsia (pPE), as well as for preterm delivery of an SGA infant (pSGA) have been published [15, 16] . The ASPRE (ASpirin for the evidence-based PREeclampsia prevention) trial recently demonstrated the efficacy of LDA in preventing PE in women defined as "at risk" for PE on the basis of a combined first trimester screening algorithm [20] . Since 2013, we have offered PE and SGA screening to all women with singleton pregnancies, using the algorithm provided by the Fetal Medicine Foundation (FMF) London. The aim of this study was to assess the performance of these screening algorithms in our population.
Material and methods
This was a cross-sectional study of all women who were seen at our outpatient clinic for their pregnancy between September 2013 and April 2016 and who opted to have screening for PE at their 11-to 14-weeks ultrasound scan. The outpatient clinic is part of our department of obstetrics and gynaecology and has roughly 8000 consultations per year, taking care of around 2000 pregnancies. We use the algorithm provided by the FMF London, which combines the background risk defined by maternal history and characteristics with the mean arterial pressure (MAP), the mean pulsatility index (PI) of both uterine arteries (UtA), and the values of the biochemical and angiogenetic markers pregnancy-associated plasma protein A (PAPP-A) and placental growth factor (PlGF). According to the Bayes theorem, the likelihood ratios of each independent parameter are multiplied with the background risk to calculate an individual risk [15, 17, 18, 21, 22] . As PAPP-A did not improve the sensitivity of the screening algorithm, we did not consider it a mandatory variable in our study [15] . The blood pressure was assessed by using a pregnancy-validated device (UEBE Visomat comfort) twice on both arms at the end of the ultrasound scan; the software provided by Viewpoint Version 5.6.25.284 (GE, Mountainview, CA, USA) calculated the MAP of the four measurements. The UtA PI was measured by certified scanners according to the guidelines of the FMF London. PlGF and PAPP-A were measured on Kryptor Compact Plus from Brahms GmbH. Blood was drawn for PAPP-A measurement at the first antenatal visit, between 8 and 14 weeks of gestation, and for PlGF between 10 and 14 weeks of gestation. Whenever PlGF was available between 11 and 14 weeks, we used that result; however, as we recently showed, PlGF differentiates preeclamptic from normal pregnancies from 10 weeks of gestation onward, so we included PlGF values between 10+0 and 10+6 weeks of gestation when no other measurement was available [23] . Multiple of the medians (MoMs) of all parameters were calculated with the use of Viewpoint. The risk for PE requiring delivery before 34 weeks, 37 weeks and at term, and the risk of SGA requiring delivery before 37 weeks were also calculated by the Viewpoint software. The proposed cut-offs of ≥1:200 for eoPE, and ≥1:150 for pSGA were applied [18] . For comparative purposes we retrospectively analysed the data also according to the screening criteria of NICE and ACOG [13, 14] . Usually we recommend LDA 100 mg to women with previous PE and/or SGA pregnancies, chronic hypertension, pre-existing diabetes, SLE, APS and/or chronic kidney disease [13] . From 2013 onward we also included as indication for LDA prophylaxis a risk score of ≥1:200 for eoPE based on the FMF London first trimester risk stratification tool [15, 18, 24] . PE was defined according to the criteria established by the International Society for the Study of Hypertension in Pregnancy (ISSHP), systolic blood pressure of 140 mm Hg or more and/or diastolic blood pressure of 90 mm Hg or more either pre-existing or developing after 20 weeks of gestation in a previously normotensive women, together with significant proteinuria (300 mg/24-h urine collection, or 30 mg proteins / mmol creatinine, or ++ on dip-stick testing) and/or other signs of maternal endothelial dysfunction and/or uteroplacental dysfunction with intrauterine growth restriction [25] . SGA was defined as birth weight below the fifth percentile according to the FMF screening algorithm [18] . The study was approved by the Ethics Committee of the University of Bern. Statistical analyses were performed with GraphPad version 5.0 for Windows (GraphPad Software, San Diego, CA). Spearman rank correlation and linear regression were used to analyse the correlation between the individual markers and gestational age. Continuous variables were analysed with the Student t-test or Mann-Whitney U-test, and proportions were evaluated with use of the Fisher's exact test or chi -squared test. Statistical significance was considered to be achieved when p was less than 0.05.
Results
During the study period, 1372 patients with singleton pregnancies agreed to undergo screening; in 1209 (88%) of them, complete screening including maternal history and characteristics, MAP, UtA-PI and PlGF was performed. In 163 patients some screening parameters were missing, mostly PlGF as initially we did not have the possibility to measure it, and they were excluded from further analysis. In 1136 of 1209 (94%), PAPP-A was also assessed. Pregnancy outcome parameters were available for 1150 of the 1209 (95.1%) cases. Of those, 16 (1.4%) pregnancies resulted in a second trimester miscarriage, 5 (0.4%) were terminated or an intrauterine fetal death was diagnosed (none related to PE). A total of 1129 (98.2%) resulted in a live birth and were used for further analyses. Nineteen of 1129 (1.68%) women developed PE, 5 (0.44%) of them pPE, including 2 (0.18%) with eoPE and 14 (1.24%) with PE at term. Forty-nine of the 1110 (4.41%) pregnancies without PE were SGA and 3 (0.27%) of those required preterm delivery. The remaining 1061 (92.3%) pregnancies were delivered without preeclampsia and with a newborn with a weight above the fifth percentile; these are henceforth referred to as controls. Patients' characteristics and pregnancy outcomes are shown in table 1. Table 2 compares our population with that used by the FMF London to develop and validate the screening algorithm [15, 17] .
Performance of individual screening parameters
The median (IQR) absolute values and MoMs of all individual parameters in controls compared with preterm and term PE and SGA are depicted in table 3 and figure 1.
Mean arterial pressure
No correlation was found between MAP or MAP-MoMs with gestational age between 11 and 14 weeks gestation in uneventful pregnancies nor in pregnancies complicated by PE or SGA.
Uterine artery pulsatility index
UtA PI significantly decreased between 11 and 14 weeks (p >0.0001, r = ˗0.113) in controls, whereas UtA PI-MoMs remained stable. There was no correlation with gestational age of UtA PIs or their MoMs in PE or SGA. The median UtA PI-MoM was 0.93 (IQR 0.76-1.15) in uneventful pregnancies and therefore somewhat lower than expected, but still in the range, whereas the mean ± standard deviation UtA PI was 0.97 ± 0.30 and therefore as expected. We performed a sub-analysis of a random sample of 95 measurements. Only 41 (43.2%) measurements fulfilled all criteria requested by the FMF London, whereas 32 (33.7%) had an angle correction of more than 30°or the sample gate was not 2 mm, and in 22 (23.2%) the measured blood flow velocity was less than 60 cm/s. To assess retrospectively whether the measurement was taken at the height of internal cervical os is difficult. In the 41 measurements that fulfilled all FMF criteria and in the 73 that had a correct blood flow velocity, the median UtA PI MoM was 1.014 (IQR 0.87-1.27) and 1.009 (0.83-1.31) , respectively, (p = 0.99). Table 1 : Patients' characteristics and pregnancy outcome of our study population divided into uneventful pregnancies (controls), pregnancies that developed preeclampsia and pregnancies that resulted in a small for gestational age infant (<5th percentile). 
Controls

Performance of preeclampsia screening
Both of the two patients (100%) with eoPE, as well as 4/ 5 (80%) patients who developed pPE were screen positive for eoPE, as well as pPE and tPE; 7 of 14 (50%) patients 
Aspirin prescription
A total of 116 of the 1129 (10.3%) women were prescribed low-dose aspirin: 90/97 women at risk for eoPE according to first trimester screening and 52/99 women with risks from maternal history including 30/31 women with risks according to both screening modalities received LDA. An additional four women were given LDA for other reasons. We did not test compliance.
Discussion
Main findings of the study This study confirmed that first trimester screening with use of the FMF algorithm for preeclampsia performs well and according to expectations in our mixed population [15, 17] . The validation of the screening algorithm in an independent population with analysis of the performance of each screening parameter was the main strength of our study. With the limited number of pregnancies requiring preterm delivery due to SGA in our population, this study is not powered to confirm that first trimester screening for growth restriction performs accordingly [18] . Of note, the incidence of PE in our population was remarkable low compared with published data [1-3, 15, 19, 24] . This was also one of the main limitations of our study. Compared with the population studied by the FMF London, our population was characterised by a higher prevalence of assisted reproduction technology (ART) pregnancies, and more women with chronic hypertension (table 2) . Maybe the already high sensibility to prescribing LDA in at risk situations in our clinic and our policy to widen the indication for LDA prophylaxis to include also screen-positive women led to this low incidence of PE [20, 24] . This hypothesis fits well with results of another prospective Swiss study, which described a prevalence of PE of 2.31%; unfortunately, no information was provided on the use of prophylactic LDA in that study [26] . The recently published ASPRE trial also demonstrated a significant reduction of pPE with the use of LDA [20] .
Performance of the algorithm in our cohort
Through intensive research in the last decade, many first trimester markers for PE besides maternal history and characteristics have been identified [15, 16, 27, 28] . With the most valuable of those, various screening algorithms have been developed [15, 17, 29] and are still being constantly refined. The screening algorithm developed by the FMF London is based on data of nearly 60 000 pregnancies and demonstrates a significant improvement in the detection rate for PE compared with screening by maternal history alone [15] . The performance of the screening algorithm has recently been validated; however, external independent validation was requested [17] . Our population, even though much smaller, varies only slightly from the population studied by the FMF London in terms of background risk. The most important risk factors for PE are chronic hypertension, type I diabetes mellitus, SLE or APS and chronic kidney disease. These pathologies are overrepresented in our cohort owing to referral of high-risk women [21] . Additionally the prevalence of pregnancies conceived by ART in our group was higher, maybe because we work in close collaboration with our IVF clinic [21] . We have, however, fewer African-Caribbean women and fewer cases with a positive family history for PE. The only explanation we find for the low incidence of women with a positive family history is the probably too low awareness of the patients of that condition (table 2) . Moreover, we demonstrated that the biochemical and biophysical screening parameters used were in the expected range in uncomplicated pregnancies [15, 17] . Our rates of screen-positive results were also very similar to those described by the FMF London, and we reach almost identical cut-offs in the different risk calculations at a false-positive rate of 10% [15] [16] [17] [18] . As we chose to treat women at risk for early onset PE with low-dose aspirin, we cannot directly comment on the detection rate. However, assuming LDA prevented or postponed some cases of PE, one would expect more of the screen-positive women to develop PE, as mostly they received low-dose aspirin, which would again increase the detection rate. First trimester screening detects almost twice the number of women who develop PE at almost the same false positive rate, as compared with the risk assessment proposed by NICE [13] , which is also in line with described detection rates [15] (fig. 2) . The difference was not significant in our study group because of the relatively small population examined and, mostly, because of the low incidence of PE. Risk stratification as proposed by ACOG results in a very high false-positive rate and therefore does not meet the requirements of a screening test.
Importance of training in uterine artery Doppler assessment
The only parameter that did not perform exactly as expected was the UtA PI. Our sub-analysis of a random sample of UtA PIs demonstrated the importance of precise measurements. Decreased blood flow velocities in the sample particularly influence the results, as they imply that the wrong vessel was chosen. However, the chosen samples in a subanalysis, even though randomly assigned, always are subject to bias, as they might not exactly represent the whole studied population. Another important aspect is that the measurement was not taken above the internal os, as there the PI becomes lower [30] . This difficulty could eventually be overcome if the UtA PI is measured in a transverse view of the internal cervical os, as was recently proposed. Ridding et al [31] demonstrated that regular feedback to individual operators via cumulative sum (CUSUM) and target charts improves measurement performance. As in our findings, this emphasises the importance of training and regular quality controls, just as it is required for the assessment of the nuchal translucency. This might have reduced our screen-positive rate somewhat, but it needs to be emphasised that our results were still in the expected range.
Low-dose aspirin
Park et al. [24] demonstrated that LDA reduces the risk of PE in screen positive patients. Our results suggest the same and the ASPRE trial, a randomised placebo-controlled trial that tested LDA in women who had a positive result in the first trimester PE screening, confirmed these findings recently [20] . Today, no evidence exists that prescribing LDA to all pregnant women might further decrease the incidence of PE [32] , and whereas LDA seems to be safe in pregnancies at risk, there is some evidence of increased risk for placental abruption and gastrointestinal bleeding [33, 34] . This risk might become more important if LDA were prescribed universally. There is evidence that, owing to aspirin resistance, 150 mg rather than a lower dose should be prescribed [20] . Our small study does not allow any comment on that. However, the incidence of pPE in our collective is in line with the incidence described by Park et al. [24] , who prescribed 150 mg aspirin.
Further implications of preventing preeclampsia PE is an important risk factor for maternal cardiovascular disease later in life [6, 8, 9] and there is evidence that impaired placental function results in fetal cardiac remodelling, which in turn can also lead to cardiovascular disease in adult life [35] . Although predisposing factors for later cardiovascular disease may already exist prior to the onset of PE and even increase the risk for PE, the vascular damage caused by inflammatory stress, coagulation dysregulation and endothelial damage during PE poses an additional risk [36] . Prevention of placental disorders, besides the aspect of the immediate danger the diseases pose to mother and child, should therefore be considered as a task of utmost importance to prevent future disease in the newborn and mother. Identifying women at risk for PE and SGA and installation of preventive measures must therefore be expedited.
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